Abstract. With the increase of the capacity of the generator, the electromagnetic force of the stator end winding of turbine-generator is increased, which can lead to the failure of the stator end winding. Based on this report, a finite element modeling method is proposed to solve the problem of complex structure modeling of turbine-generator stator end winding. The grid matching between electromagnetic and structural finite element model is realized. Meanwhile, the mechanical vibration performance of the turbine-generator stator end windings is analyzed by the method of the whole electromagnetic and local structure coupling simulation. The vibration performance of turbine-generator stator end winding under different reinforcement strategies are compared, and the preventive measures for the vibration fault of generator are explored.
Introduction
With the increase of turbine-generator capacity, the current of stator end winding is very large when it is running. Under the action of the rotating magnetic field, the stator end winding will bear a huge electromagnetic force [1, 2] . In the action of electromagnetic force, the stator end winding will produce a certain mechanical vibration [3, 4] . When the stator end winding is the same as the natural frequency of the end winding structure, it will cause resonance [5] .
Turbine-generator stator end winding structure is complex, which is involute shape distribution. Because of this special distribution, the calculation of electromagnetic force and the building of model is difficult at the winding end. With the increase of the capacity of the turbine-generator and the occurrence of the accident, the research on the calculation of the electromagnetic force and the vibration of the stator end winding is getting more and more attention [6] .
Based on the finite element method, the mechanical vibration performance of the stator end winding of turbine-generator are analyzed. The vibration performance of turbine-generator stator end winding under different reinforcement strategies are compared, and the preventive measures for the vibration fault of generator are explored.
Electromagnetic Field Theory
In the field of static electric field, the electric field intensity E satisfies the equation 0 ∇ × = E . As known by the vector analysis formula 0 ϕ ∇ × (∇ ) = and the scalar potentialϕ is introduced to describe the characteristics of the electrostatic field, which is related to the intensity of electric field: E ϕ = −∇ (1) Where, a negative sign to show that the electric field intensity vector always points in the direction of the potential reduction rate is maximum.
By using the electrostatic field equations D E = ε and D ε ∇ ⋅ = , the equations (2) and (3) can be deduced:
Where, Ｄ-electric flux density vector (Ｃ/m
Simulation Method

Geometric Model
Generator stator end winding structure is relatively complex, and the end winding is gradually open in the space, which is difficult to build the geometric model of ANSYS. The third party software Solidworks is used to build the model of generator. Fig. 1 shows the main part of the winding and the stator geometry model. Fig.1 Winding and the stator geometry model
ANSYS Model
After the Solidworks modeling is built, the model is needed to import the ANSYS for the electromagnetic field and structure coupling analysis. Then, the air gap and the surrounding air region are established.
After the geometric model is finished, the mesh of the model is needed. In the model, due to the complicated geometry, hexahedral meshing is difficult to be used. As a result, the tetrahedral mesh is used in the model. In the process of dividing, since the complex shape and larger magnetic field distribution in the winding, the mesh of the air gap and the air region where contact with the winding needs to be carefully divided.
Material Parameters and Load
For ferromagnetic materials, the material properties are set up by setting the corresponding BH curve. For the conductor material, the resistivity of copper is set up, and the relative permeability is set to 1. For air material, the relative permeability is 1.
In this paper, a phase current which is the maximum limit is selected. When the load is applied, the A phase current is applied to the maximum current 20kA, the B phase current is applied to the 10kA, and the C phase current is applied to the -10kA. Fig. 2 shows the stator end winding three modal shapes in the axial constraint state. The results show that the vibration of the stator end winding is more similar to that of the vibration of free state, but the excitation frequency increased significantly, reaching 276.4Hz. The vibration frequency of the stator end winding under axial constraint is 276.4Hz, 345.3Hz, and 514.8Hz, respectively. In general, the axial constraint can improve the natural frequency of the stator winding, but because of the limit of axial displacement, the vibration displacement of the stator end is greater. For the loop constraint, the vibration displacement of the stator end can be reduced effectively. Therefore, in practice, the main method to reduce the vibration of the stator end winding is the loop constraint.
Vibration Performance of Stator End Winding with Electromagnetic Force
Vibration Analysis of Stator End Winding under Axial Restraint
Conclusion
In this paper, the problem of modeling complex structure of the stator end winding of turbine-generator is solved by the grid mapping technique. The whole electromagnetic and local structure coupling simulation method is used to analyze the mechanical vibration performance of the stator end winding of turbine-generator. Although the axial constraint can improve the natural frequency of the stator end winding, however, because of the limitation of the axial displacement, the vibration displacement of the stator end winding is greater. For the loop constraint, it can effectively reduce the vibration displacement of the stator end. Therefore, loop constraint can be used to reduce the vibration of stator end winding.
